Background: Transferrin is the major plasma transport protein for iron. We aimed to investigate the characteristics of transferrin variant by carbohydrate-deficient transferrin (CDT) test using capillary zone electrophoresis.
Methods:
We retrospectively analyzed the CDT tests of 2449 patients from March 2009 to May 2017 at a tertiary hospital in Korea. CDT was quantified using a Capillarys 2 system (Sebia, Lisses, France) by capillary zone electrophoresis. The characteristics of variant transferrin patterns using electropherogram of CDT tests were analyzed.
Results: Seventy-seven (3.1%) patients were classified as variant transferrin. Mean age of these patients was 51.8 years, and the male-to-female ratio was 3.5:1. The most common variants were the BC variants (n = 37), followed by the CD variants (n = 27), unclear patterns (n = 7), BD variants (n = 3), CC variants (n = 2), misclassification (n = 1). In the variant Tf group, the most common disease was alcoholic liver cirrhosis (n = 22, 28.6%), followed by the toxic effects of substances (n = 17, 22.1%), and mental and behavioral disorders attributable to alcohol (n = 11, 14.3%). Nonvariant group showed a predominance of the toxic substance effects (n = 880, 37.1%), a personal history of suicide attempts (n = 634, 26.7%), and mental and behavioral disorders due to alcohol (n = 336, 14.2%).
Conclusion:
We analyzed the basic characteristics of variant transferrin by CDT tests using capillary zone electrophoresis. The prevalence of variant transferrin was 3.1% of the study subjects. Male patients, alcohol abusers, and liver cirrhosis patients predominated in the variant transferrin population. Further prospective studies are warranted to elucidate variant transferrin in clinical practice.
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| MATERIAL S AND ME THODS
All the results of the CDT assay along with the correspond-
ing electronic medical records of patients in Wonju Severance
Christian Hospital, tertiary teaching hospital were collected ret- The CDT profile is identified as a variant Tf if two criteria are met:
There are two peaks of similar optical density on the profile and the distance between these two peaks does not exceed the threshold.
To compare the parameter between variant group and nonvariant group, an independent sample t test was performed for quan- vs. 18.7%, P < .001) was relatively higher in the variant group than in the nonvariant group. The variant group showed higher total bilirubin (P = .027) and INR levels (P = .038), but lower platelet counts (P = .002) than those of nonvariant group.
Each variant Tf case could be classified as a specific genetic variant based on the shifting in the Tf peak compared with the CC homozygote, which is the most common phenotype in all populations considered as normal pattern. In other words, variant Tf-B has lower isoelectric point (pI) values and migrates to the anode compared to variant Tf-C, whereas the variant Tf-D has higher pI values and cathodic migration than variant TF-C. 1 In addition, each variant Tf was assumed to be composed of two alleles showing similar amounts. Of the 77 variant Tfs (60 males and 17 females), the most common variants were the BC variants (n = 37), followed by the CD variants (n = 27), BD variants (n = 3), and CC variants (n = 2), except for seven unclear patterns ( Figure. 1 ). The remaining one patient showed no Tf peak shift, suggesting a nonvariant (CC homozygote), whereas Capillarys 2 software assigned the patient as a variant case.
However, this patient did not show variant Tf in CDT test 2 months ago. This discordance might be caused by the disialo-Tf-trisialo-Tf bridging phenomenon, which is observed frequently in liver cirrhosis patients. 9 Indeed, this patient had a history of hepatitis B virus-related cirrhosis, which was believed to be the reason for this misidentification as a variant Tf.
In the variant Tf group, the most common disease was alcoholic liver cirrhosis (n = 22, 28.6%), followed by the toxic effects of substances (n = 17, 22.1%), and mental and behavioral disorders attributable to alcohol (n = 11, 14.3%). In contrast, the nonvariant group showed a predominance of the toxic substance effects (n = 880, 37.1%), a personal history of suicide attempts 
(n = 634, 26.7%), and mental and behavioral disorders due to alcohol (n = 336, 14.2%).
| D ISCUSS I ON
Monitoring of Tf isoforms is important in clinical and forensic purpose for the determination of carbohydrate-deficient transferrin (CDT) and the assessment congenital disorders of glycosylation. 10 In the present study, we described the characteristics of variant Tf by CDT tests by capillary zone electrophoresis. Tf is detected or the patient is suspicious of congenital disorders of glycosylation (CDG), the patient should be considered to refer additional specialized tests, usually genetic testing which allows to identify the enzyme whose deficiency leads to CDG or atransferrinemia.
Recently, the capillary electrophoresis methods such as capillary zone electrophoresis for the monitoring of CDT or capillary isoelectric focusing have been represented as effective tools to assess unusual transferrin patterns, including genetic variants. 10 The present study had some limitations. Because the CDT results were collected retrospectively, a detailed history of the drinking habits and the unconsidered medical history in the electronic medical records could not be fully analyzed. In addition, the possible misclassifications of Tf variants could not be thoroughly excluded because each variant was assigned based on the shape of the electropherogram without genetic analysis. However, we surveyed the overall characteristics of variant Tf by CDT test using capillary zone electrophoresis. This approach might be helpful to screen the rare genetic disorder of glycosylation.
In conclusion, we reported the incidence of variant Tf was ap- 
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